An environmental isolate of Serratia fonticola resistant to carbapenems was shown to contain a genetic determinant encoding a metallo-␤-lactamase of the subclass B2. The Sfh-I enzyme exhibits some divergence from the previously characterized enzymes of this subclass. This is the first example of a naturally occurring metallo-␤-lactamase in Enterobacteriaceae.
Metallo-␤-lactamases (MBLs) are enzymes that show carbapenemase activity (3) and require a zinc cofactor (16) . The environmental microbiota is presumed to constitute an important reservoir of these harmful genetic determinants. A survey study concerning the bacterial populations of untreated drinking waters in the region of Trás-os-Montes (northeastern Portugal) revealed the presence of bacterial isolates resistant to carbapenems. One isolate had a high level of resistance to imipenem, with a MIC of 32 g/ml. For identification at the species level, the 16S rRNA gene was amplified with universal primers (Table 1 ) and sequenced. The sequence clearly assigns the strain to the species Serratia fonticola. This result agrees with the identification obtained with the API-32GN System (BioMérieux, Marcy l'Etoile, France). The strain was designated S. fonticola UTAD54. Determination of the MICs of antibiotics with E-test gradient strips (AB Biodisk, Solna, Sweden) indicated resistance to penicillins, cephalothin, and cefuroxime, antibiotics to which other strains of the same species are susceptible (Table 2) .
A shotgun cloning approach was used to assess the genetic determinant of imipenem resistance. For that purpose, the total DNA of S. fonticola UTAD54 was partially digested with Sau3AI and the resulting fragments were ligated to the Escherichia coli vector pBGS19 ϩ (13) linearized with BamHI. After transformation on E. coli XL2 Blue (Stratagene, La Jolla, Calif.), the resulting genomic library was amplified by cultivation in the presence of kanamycin and stored as several aliquots. Small volumes of the genomic library were plated on LA medium supplemented with imipenem at a concentration of 3 g/ml. One clone containing a recombinant plasmid carrying an insert of 5 kb was chosen for further characterization. The recombinant plasmid was named pSF14. The susceptibility of the recombinant clone to several antibiotics was tested ( Table  2 ). In contrast to untransformed E. coli, the recombinant strain showed resistance to carbapenems. E. coli XL2 Blue(pSF14) exhibited decreased in vitro susceptibility to several ␤-lactams in comparison with XL2 Blue. The relative decrease in susceptibility was greater with penicillins and carbapenems than with cephalosporins. Susceptibility to aztreonam was not affected. S. fonticola UTAD54 exhibited low overall susceptibility to ␤-lactams ( Table 2) .
With a primer-walking strategy, the complete nucleotide sequence of both strands of the insert contained in pSF14 was determined. Analysis of the nucleotide sequence revealed the presence of an open reading frame contained in a short region of approximately 1 kb, with a moles percent GϩC content of 42.5%. This value is outside the range of the moles percent GϩC content attributed to the genome of S. fonticola (48.8 to 52.5%) (6) . The open reading frame encodes a polypeptide of (1) search showed that the deduced amino acid sequence displays similarity to ␤-lactamases belonging to molecular class B (2). The highest similarity score was obtained with the CphA enzyme of A. hydrophila (8) . This new MBL was named Sfh-I, and its genetic determinant was named bla Sfh-I . The deduced amino-terminal sequence of the protein exhibits features typical of prokaryotic signal peptides targeting protein secretion into the periplasmic space via the general secretory pathway. According to known patterns (10), the most likely cleavage site is located between the amino acids at positions 21 and 22, which are alanine and serine, respectively. The theoretical molecular masses of the complete and mature forms of the Sfh-I protein are 28.50 and 26.13 kDa, respectively.
As shown in Fig. 1 , the amino acid sequence of Sfh-I could be aligned with the sequences of the subclass B2 enzymes without introducing major gaps. The exception is a short insertion sequence of four amino acids (Glu-Gln-Gly-Glu) located at position 252 according to the BBL numbering scheme (Table 3 ). Identity to subclass 1 enzymes is between 17.9% (IMP-1) and 23.4% (IND-1) . Comparison to the newly characterized MBL SPM-1 from Pseudomonas aeruginosa (15) revealed an identity of 15.4%. Lower identity percentages are found when comparisons are made with subclass B3 enzymes: the range is 11.5% (THIN-B) to 14.6% (CAU-1). These results are consistent with the classification of Sfh-I as a member of subclass B2.
Specific oligonucleotide primers were designed that amplify the bla Sfh-I gene of strain UTAD54 (Table 1) . With DNA from S. fonticola strains LMG 7882 T , DSM 9663, and CIP 103850, no amplification products were obtained. The amplicon from S. fonticola UTAD54 labeled with digoxigenin (Roche Molecular Biochemicals, Indianapolis, Ind.) was used to probe Southern blots of digested and undigested DNAs isolated from the same strains. This approach did not detect bla Sfh-I -like sequences in strains LMG 7882 T , DSM 9663, and CIP 103850 (data not shown). The probe clearly hybridizes to the band representing the undigested chromosomal DNA of UTAD54. With different extraction methods, no DNA of plasmid origin was detectable on ethidium bromide-stained agarose gels after electrophoresis, suggesting that bla Sfh-I is a chromosomal gene. The presence of integrons was also checked with a primer set designed to anneal to the 5Ј and 3Ј conserved sequences of flanking regions containing integrated gene cassettes (Table 1) . Amplifications by PCR did not produce DNA fragments (data not shown).
The high MICs of antibiotics to which the recombinant E. coli XL2 Blue(pSF14) is susceptible (e.g., amoxicillin and narrow-and expanded-spectrum cephalosporins) indicated the existence of additional ␤-lactam resistance mechanisms in UTAD54. The presence of class A ␤-lactamases in a clinical isolate of S. fonticola was previously reported (11); later, a gene encoding a ␤-lactamase 96% homologous to that one (SFO-1; GenBank accession number AB003148) was detected in Enterobacter cloacae (9) . Also, six nucleotide sequences have been deposited in the GenBank database (accession numbers AJ251239 to -44) that represent six variants of the fonA gene for a class A ␤-lactamase present in different S. fonticola strains. The fonA1 variant is from the type strain. Specific primers based on the nucleotide sequences of those ␤-lactamases were designed (Table 1) . Amplification by PCR resulted in a DNA fragment with the expected size (approximately 550 bp) in all of the S. fonticola strains studied, including UTAD54. The MBL-producing bacteria are known to possess other ␤-lactamase-encoding determinants, and that is also the case with S. fonticola UTAD54.
The environmental microbiota can constitute an important reservoir of genetic determinants of antibiotic resistance. Recently, MBLs were detected in bacteria that are not of clinical origin, as is the case with THIN-B from Janthinobacterium lividum (12) and CAU-1 from Caulobacter crescentus (4) . In this work, we have identified a putative MBL-encoding gene in an environmental isolate that is a member of the family Enterobacteriaceae.
Nucleotide sequence accession numbers. The nucleotide sequence of the 16S rRNA gene of S. fonticola UTAD54 was deposited in the GenBank database and assigned accession number AY236502. The bla Sfh-I nucleotide sequence was deposited in the GenBank database and assigned accession number AF197943. 
